This study evaluated egg production and quality variables of caged and free-range HyLine Brown laying hens fed soybean meal (SBM) and soybean-meal-free (SBMF) diets. Hens were randomly assigned to the same 2 dietary treatments within 3 location blocks. SBM and SBMF diets with equivalent calculated nutrient content were prepared based on Hy-Line Brown rearing guidelines. The SBMF diets utilized cottonseed meal, corn distillers dried grains with solubles, corn gluten meal, and wheat middlings in place of dehulled soybean meal. The experiment was conducted between August 2015 and January of 2016 within the TAMU Poultry Research Center and data analyzed over 6 consecutive 28-day periods. Data were analyzed as a split-plot with rearing systems designated whole plots and diets designated as subplots. Hens reared in the free-range rearing system peaked a couple of wk later than those hens within the more conventional indoor caged system, and cumulative production data were considerably more variable for hens raised in the free-range environment. Cumulative egg production, feed per dozen eggs and feed conversion ratio (g feed/g egg) were 92 ± 1.23 and 86 ± 1.84%, 1.45 ± 0.02 and 1.89 ± 0.05 kg, and 2.14 ± 0.04 and 2.77 ± 0.08 (P < 0.05), respectively, for the caged vs. free-range rearing systems. Cumulative egg weight, feed per dozen eggs, and feed conversion ratio were 59.9 ± 0.59 and 56.5 ± 0.60 g, 1.57 ± 0.04 and 1.77 ± 0.05 kg, and 2.24 ± 0.06 and 2.67 ± 0.08 kg (P < 0.05) for SBM and SBMF diets, respectively. Diet did not affect cumulative egg production (P > 0.05). With respect to egg quality, there were no differences in cumulative albumen height, Haugh unit, or breaking strength, but there was a significant rearing system by diet interaction for shell thickness, with the free-range hens averaging 40.77 ± 0.19 and 39.86 ± 0.31 μm (P < 0.05), respectively, for the hens fed SBM vs. SBMF diets. In conclusion, the results suggested free-range production is more variable than traditional closed-house cage systems based on standard errors, and SBMF diets containing cottonseed meal can be used in both caged and free-range production systems without affecting egg production, although one might see lower egg weights.
INTRODUCTION
The conventional cage system is the most common rearing system for laying hens in the United States, and continues to be a topic of discussion across the nation (Jones et al., 2016) , as several concerns have increased with respect to the animal welfare. Major food retailers and food service outlets have pledged over the next few yr to sell or serve only eggs that are produced within larger cage-free aviaries, free-range, or even pastureraised production systems that provide greater access to move about the production system. In order to meet these commitments and provide sufficient supply, egg producers must take significant action with respect to C 2017 Poultry Science Association Inc. Received June 22, 2017. Accepted November 9, 2017. 1 Corresponding author: mhassuni@yahoo.com future management and feeding of laying hens. Increasing numbers of consumers also are concerned with specific feed ingredients that may make up poultry feeds (Sapkota et al., 2007) .
Corn and soybean meal are the major ingredients in U.S. poultry feeds, with soybean meal (SBM) often representing over 40% of the diet. In addition, health concerns have been linked to the use of soybean meal in poultry diets, as most soybean meal in the United States is genetically modified (GMO) (Lappé et al., 1998) . Soybeans have several antinutrient factors, such as trypsin inhibitors, lectins, and saponins. There are also concerns that the transfer of soy estrogenic isoflavones such as genistein to eggs could adversely affect human health (Saitoh et al., 2001) . Therefore, it is worth evaluating alternative ingredients to SBM for that segment of our population that is concerned with the use of soybeans in laying hen feed.
812
Alternative oil seed meals such as cottonseed meal (CSM) have substituted for at least a portion of the soybean meal in laying hen diets (Qi et al., 2016) .
CSM, however, has poor lysine digestibility, and the presence of free gossypol (FG) limits its incorporation in poultry feed (Zeng et al., 2015) . Generally, laying hens are more susceptible to FG than other poultry. FG causes yolk discoloration due to the combination of its chemical makeup with the Fe+ released from yolk protein (Kemmerer et al., 1966) . A study has been conducted to determine the optimal level of CSM in the laying hen diet without affecting laying hen performance (He et al., 2015) . It is well known that feeding laying hens FG (+) can cause severe egg yolk discoloration (Lordelo et al., 2007) . It has been reported that when feeding laying hens a diet with a high concentration (20 or 30%) of CSM, the egg yolk color changes, and brown discoloration is observed (Davis et al., 2002) .
This experiment evaluated the performance of HyLine Brown laying hens that were fed SBM or soybean meal-free (SBMF) diets while using a traditional indoor cage or free-range rearing system that provides both indoor cover with nesting boxes and free access to the outdoors.
MATERIAL AND METHODS

Birds, Diets, And Management
This study was conducted at the Texas A&M University Poultry Research Center and received approval from the university's Animal Care and Use Committee (IACUC 2017-0072) . A total of 246 Hy-Line Brown pullets, 11 wk of age, was placed in floor pens and fed a mash form of a typical corn/soybean diet that met this breed's nutritional requirements for their appropriate age. At 20 wk of age, the hens were separated into their treatment groups and placed in 2 respective laying facilities in a split-plot design.
A total of 120 laying hens was randomly assigned to 2 dietary treatments and distributed into 3 blocks from east to west throughout a traditional tunnel ventilated caged hen house. Each block represented a group of 20 cages, and each individual hen was kept in a 50.8 W × 30.5 L × 30.5 H cm cage (1,549 cm 2 /hen) with one nipple drinker for every 2 cages. Each cage had access to individual trough feeders (30.5 cm feeder space/hen).
For the free-range system, a total of 126 hens was randomly assigned into 6 pens (182.9 W × 365.8 L cm covered) and distributed into 3 blocks (2 dietary treatments per block) from east to west. Each pen enclosure was equipped with 9 nest boxes (2,791 cm 2 indoor floor area) and contained 21 hens that had free access to an uncovered outdoor area (182.9 W × 731.5 L cm) that was fully enclosed with wire mesh. The total surface was 9,509 cm 2 /hen. Additionally, all pens had 11 nipple drinkers (6 outdoor area and 5 inside area) and one circular hanging feeder occupying 30 cm2 of indoor floor space.
Treatments were SBM and SBMF diets made up of CSM, corn distillers dried grains with solubles (DDGS), corn gluten meal, and wheat middlings. Diets were formulated based on the recommendations of the management guidelines for Hy-Line Brown laying hens. All diets were formulated to have equal calculated nutritional content (based on crude protein, ME, calcium, available phosphorous, standardized ileal digestible amino acids, xanthophyll, sodium, and electrolytes) and were provided in mash form (Table 1) . Lighting timers were set to provide 16 h of light for each rearing system. Feed and water were provided ad libitum.
Data Collection
Egg production was recorded daily for both the cage and free-range rearing systems. Hen mortality was accessed daily and hen body weight was recorded every 28-day period. Feed consumption and egg quality parameters assessments were bi-weekly. Feed offered was weighed at the beginning, and feed retained was weighed at the end of every 2 wk to calculate the bi-weekly feed consumption. When offered feed was consumed before the end of the 2 wk, additional feed was weighed, recorded, and added into the feeders. Feed conversion ratio (FCR) was calculated using the bi-weekly feed consumed (gram) divided by total biweekly egg weight (gram). The feed per dozen of eggs (FDE) was calculated as: bi-weekly feed consumption (gram)/bi-weekly dozens of eggs produced. Subsets of 10 fresh eggs per treatment block were collected from each rearing facility at weekly intervals to evaluate egg quality parameters. Albumen height was measured using a tripod micrometer (AMES S-6428; B. C. Ames Co., Framingham, MA), and Haugh unit was calculated using the method of Haugh (1937) . Eggshell thickness was determined using the AMES No. 25 M (masters of measurement), and eggshell strength was measured with a texture analyzer (TA-XT plus; Texture Technologies Corp., Hamilton, MA) using a 5 kg load cell.
Statistical Analysis
For our data analysis, the 2 rearing systems were considered whole plots, while the 3 location blocks (east to west) were considered sub-plots with diet type as an additional factor. For every 28-day period, data whole plots and sub-plots were subjected to a split plot design ANOVA. Additionally, the cumulative data were subjected to 2-way ANOVA. Both analyses were performed using IBM SPSS Software V22. Any significant interactions between rearing system and diet were reanalyzed as a one-way ANOVA and means separated using Tukey's HSD procedure when F-tests were significant. When the main effects of rearing system were significant, the effects of diet were analyzed independently for dietary effects within the rearing system. Means were considered statistically different at P < 0.05.
RESULTS
Egg production and egg weight for both cage and free-range facilities are presented in Figures 1 and 2, respectively. Figure 1 clearly shows that onset of egg production in the free-range rearing facility was about a wk behind the cage system. It should be noted that these flocks would be considered out of season, since they began egg production in the late summer and early fall, as d length was decreasing, although the indoor light time clock should help counter act any d length effect. There was also likely more stress associated with the birds moving from the fully enclosed pullet rearing pens to the free-range system with continual access to the outdoors. The dip in egg production between ages 28 to 32 (September) for the free-range hens consuming the SMBF diet was likely weather related, although other possibilities such as the presence of predators cannot be overlooked. Weather temperature was measured throughout this time, and it ranged between 77.0 and 94.0
• F). The second dip in egg production between 39 and 40 was likely due to predation, as 2 hens completely disappeared during that time frame. Obviously, there was higher variability associated with the freerange environment vs. the traditional fully housed cage system, which is to be expected. Egg weights were generally lower for birds receiving the SBMF diet irrespective of rearing system, particularly noticeable during the last 3 periods of data collection (Figure 2) .
The results of laying hen production analyzed as a split plot over 6 28-day production periods (wk 21 to 44) are presented in Table 2 . There were numerous significant differences (P < 0.05) observed between treatments for egg production (EP%), egg weight (EWT), FDE, and gram of feed to gram of egg ratio (FCR) with several interactions throughout the 6 periods of data collection. High pooled-standard-errors (PSEM) for egg production observed during the first and last production periods were due to the ambient dips in EP% discussed previously with respect to Figure 1 . Table 2 is presented for the reader to explore and interpret the complete data set as analyzed for each of the 6 periods of lay using a split plot design, with the 2 rearing systems considered whole plots while the blocks were considered sub-plots with diet type as an additional factor. To simplify the presentation of the key results learned from this study, the cumulative production data has been presented in Table 4 as a 2 × 2 factorial.
There was a difference (P = 0.01) in cumulative EP% based on rearing system with hen d EP averaging 92.28 ± 1.23% for the conventional cage system vs. 86.46 ± 1.84% for the free-range system (Table 4) . Diet type did not significantly affect cumulative EP% (P > 0.05). With respect to average cumulative egg weight, we observed that eggs produced from hens fed the SBMF diets weighed less (P < 0.01) than those eggs produced from hens fed the SBM diets, averaging 56.48 ± 0.60 and 59.85 ± 0.59 g, respectively. Main effects for both rearing system and diet were significantly different with respect to both average cumulative FDE and average cumulative FCR in favor of the more traditional caged rearing system and SBM diets (Table 4) .
Egg quality data are presented as analyzed using the split plot design in Table 3 and 2 × 2 factorial presentations of cumulative data in Table 5 . There was a significant rearing system by diet interaction (P < 0.01) for shell thickness during the second period of production, with the shell thickness averaging 41.10 μm from birds in the free-range system receiving SBM and 39.47 μm from birds receiving SBM in the caged rearing system (Table 3 ). The rearing system by diet interaction for cumulative shell thickness was also significant (P < 0.02), averaging 40.77 ± 0.19 μm for birds receiving SBM and 39.86 ± 0.31 μm for hens receiving SBMF diets in the free-range system (Table 5) .
DISCUSSION
Conventional cage systems used by the poultry industry have both advantages and disadvantages. On the plus side, because modern systems are fully automated, with the birds sitting in relatively limited- Table 2 . Effects of rearing system and soybean-free diets on egg production (EP) egg weight (EWT), feed per dozen eggs (FDE), and feed conversion ratio (gram of feed per gram of egg) (FCR) over 6 periods of lay. sized cages, it allows for better disease control, lower infection rates, easier management, and lower production costs (Duncan, 2001 ). In addition, this system improves egg hygiene, with greater hen livability (Hannah et al., 2011) . On the negative side, this system can prevent hens from expressing innate behaviors, which may lead to metabolic disorders and other movement restriction disorders (Dikmen et al., 2016) . Concerns over hen welfare have been heavily publicized since the 1960 s, following the publication of Ruth Harrison's book Animal Machines, and the Brambell Report in the United Kingdom (Britain and Brambell, 1965; Harrison, 2013) . Another factor that led to the development of alternative rearing systems was the increasing incidence of osteoporosis in hens (Regmi et al., 2016) , because conventional cages restrict movement and impact tibia properties during the laying phase. Other problems, such as manure handling and fly control, can be more difficult to alleviate with this small cage rearing systems (Lay et al., 2011) .
Cage-free, free-range, and pasture-raised rearing systems are now an alternative to the conventional small cage rearing systems. These approaches are reported to have several advantages: hens are able to walk, exercise, stretch their legs and wings, and express other natural behaviors, such as dust bathing and foraging (AVMA, 2012). However, non-cage or enriched facilities can negatively affect egg safety and quality, since eggs can be altered microbiologically by pathogens such as Salmonella Enteritidis, or chemically, due to contamination from pesticides or heavy metals (Holt et al., 2011) . Scientists have found that bacteria levels on washed and unwashed eggs were higher for hens raised on shavings and slat conditions, compared to hens raised in cages (Hannah et al., 2011) . One study, for example, compared 3 hen-rearing facilities (conventional cage, enriched colony cage, and free-range aviary) on several environment conditions, including egg safety, worker safety, and general hen health (Jones et al., 2015) . The study found that egg safety was enhanced with the use of nest boxes, and floor eggs had higher levels of human pathogens.
The typical corn/SBM diet is the most common diet for laying hens across the United States. However, consumers have grown increasingly concerned about the presence of GMO ingredients used in animal diets. This has created new opportunities for nontraditional diets formulated with non-GMO and/or organic labeled ingredients.
Another viable option for laying hen diets is DDGS, an inexpensive source of protein and energy, as well as xanthophyll. Researchers have recommended using DDGS at a level of 20% to improve egg yolk color with no impact on egg production or egg quality parameters (Shin et al., 2016) . While supplementation of 20% of DDGS produces the worst FCR (Jiang et al., 2013 ), a Table 3 . Effects of rearing system and soybean-free diets on albumen height (AH) Haugh unit (HU) shell thickness (ST) and bre.aking strength (BS) using cage and free-range rearing systems over 5 periods of lay. a,b Means ± standard error within a grouping with no common superscripts differ significantly (P < 0.05). 1 n = 72 for main effects of diet and rearing system.
10% level has no effect on laying hen performance or egg quality parameters (Jiang et al., 2013) . Previous research regarding the use of DDGS in laying hen diets indicated that DDGS can replace ingredients such as corn, SBM, and dicalcium phosphate while reducing costs, although additional fat, lysine, and limestone may be needed, as the DDGS increases as a percentage of the diet (Masa'deh et al., 2011) . They found that up to 25% DDGS can be used with no impact on egg production, feed intake, or Haugh units, and yolk color was improved at this level during the egg production cycle. Our soy-free diets contained 15% DDGS, and 14.94% CSM (Table 1) . We did not observe any unacceptable pigmentation from hens fed the SBMF diet containing CSM. Additionally, corn gluten meal (CGM) can provide additional protein, although its lysine concentration is rather low. CGM is also a good source of xanthophyll pigments important in maintaining egg yolk color. Our soy-free diets contained an average of 1.5% CGM for both 19 to 38 and 39 to 44 weeks. Table 5 . Effects of rearing system and soybean-free diets on cumulative albumen height, Haugh unit, shell thickness, and breaking strength using cage and free-range rearing systems over 5 periods of lay, presented as a 2 × 2 factorial.
